Many kinds of genetically modified (GM) crops, which include GM soy, maize, rapeseed, cotton and potato, have already been developed and the cultivated acreage of these crops has continued to grow year by year. It was reported that the global area of GM crops for 2003 was 67.7 million hectares with a growth rate of 15% compared to that in 2002. This growth is estimated to rapidly increase, since the planting has been spread all over the world in addition to the nations such as United States (U.S.) and Canada. 1) On the other hand, public concern has been raised in terms of food safety and environmental effects of the GM crops. Especially, consumers are concerned about the negative effects of GM food on their health by their consumption and scientific information has been strongly required.
Many kinds of genetically modified (GM) crops, which include GM soy, maize, rapeseed, cotton and potato, have already been developed and the cultivated acreage of these crops has continued to grow year by year. It was reported that the global area of GM crops for 2003 was 67.7 million hectares with a growth rate of 15% compared to that in 2002. This growth is estimated to rapidly increase, since the planting has been spread all over the world in addition to the nations such as United States (U.S.) and Canada. 1) On the other hand, public concern has been raised in terms of food safety and environmental effects of the GM crops. Especially, consumers are concerned about the negative effects of GM food on their health by their consumption and scientific information has been strongly required.
2) Therefore, many governments have now been considering regulations for the use and implementing a labeling system for GM crops as food and feed. Thus, new labeling systems have been introduced for GM foods in the European Union (EU), Australia, Korea, Japan and other countries.
The commercialization of fifty-five lines of safety-assessed GM crops including soy, maize, potato, rapeseed, cotton and sugar beet, have already been approved by the Ministry of Health, Labour and Welfare (HMLW) in Japan. To monitor the labeling system, it is necessary to develop reliable and practical methods for the detection and identification of GM crops. The polymerase chain reaction (PCR) is one of the widely used systems for the quantitative or qualitative detection of GM crops and we also have previously reported PCR methods for the detection of GM soy, maize, papaya and potatoes. [3] [4] [5] [6] [7] [8] [9] [10] The tetraploid cultivated potato (Solanum tuberosum) is one of the world's four major crops and an important feedstuff, but it is easily infected by many kinds of pests and pathogens. 11) Therefore, molecular biology techniques has been attempted to improve the potato varieties which ended with the breeding of GM potatoes commercialized by the Monsanto Co. (St. Louis, MO, U.S.A.). In Japan, two lines of NewLeaf ® potato (NL), three lines of NewLeaf Plus ® potato (NLP) and three lines of NewLeaf Y ® potato (NLY) have been approved by HMLW for human food consumption by July 2003. The information provided by the Monsanto Co. showed that (a) two lines of NL (Bt-6 and SPBT02-05 line) were transformed with the same plasmid vector, PV-STBT02, which contains cryIIIA derived from Bacillus thuringiensis subsp. tenebrionis, providing of the trait of Colorado potato beetle (CPB) resistance, (b) three lines of NLY (RBMT15-101, SEMT15-15 and SEMT15-02 line) were transformed with the same plasmid vector, PV-STBT02, which contains cryIIIA, Potato virus Y coat protein (PVYcp) gene providing of the traits of CPB and PVY resistance, (c) two of three lines of NLP (RBMT21-129 and RBMT21-350 line) were transformed with the same plasmid vector, PV-STMT21, which contains cryIIIA, the potato leaf role virus replicase (PLRVrep) gene, providing of the traits of CPB and PLRV resistance, and (d) the other one (RBMT22-82) was transformed with the plasmid vector, PV-STMT22, which contains cryIIIA, PLRVrep, and CP4-epsps genes, providing of the traits of CPB, PLRV resistance and herbicide tolerance, respectively. The detection methods based on PCR for GM potatoes have been reported. 9, 10, 12) To verify the labeling and June 15, 2004 identify of the lines, however, further reliable and practicable detection methods for the GM potatoes are required.
New Qualitative Detection Methods of Genetically Modified Potatoes
In the present study, we designed seven primer pairs for screening, construct-specific, and line-specific detection and developed the condition of PCR to perform the test under the same conditions using all the primer pairs. To design the line-specific primer pairs, we focused on the junction sequences between the recombinant DNA (r-DNA) and potato genomic DNA as the target sequence to distinguish the specific one from the GM limes that was transformed with the same plasmid vector. The specificities and sensitivities were examined using reference materials provided by the Monsanto Company. The specificity and reproducibility of the methods were then confirmed by an inter-laboratory study.
MATERIALS AND METHODS

Reference Potato Materials and Other Crops
Freezedried powder of six lines of GM potato (NL potatoes; Bt-6 and SPBT02-05, NLP potato; RBMT21-350, NLY potatoes; RBMT15-101, SEMT15-02 and SEMT15-15 line) and three varieties of non-GM potato (Shepody, Russet Burbank and Superior), which were conventional varieties used for the transformation, were kindly provided by the Monsanto Co. through the Department of Food Safety, Pharmaceutical and Food Safety Bureau of MHLW. Japanese conventional potato varieties (Dansyaku and May queen), egg plant (Solanum melongena), tomato (Lycopersicum esculentum), maize (Zea mays), soy (Glycine max) and wheat (Triticum aestivum) were purchased from a local market.
Preparation of Test Samples Dehydrated Japanese conventional potatoes, the provided powders of the non-GM potato varieties and GM potatoes were ground with the 0.2 mm sieve ring using an Ultra-Centrifugal Mill ZM100 (Retsch GmbH, Haan Germany) and freeze-dried for 24 h using an FD-81 freeze dryer (Tokyo Rikakikai Co., Ltd., Tokyo, Japan). To evaluate our screening and construct-specific methods, three mixing levels of the potato-powder samples containing 0, 0.1 and 1.0% of each NL-Bt-6, NLP-RBMT21-350, and NLY-SEMT15-15 lines were prepared, according to a previous study. 13) In this study, we selected the Bt-6, RBMT21-350, and SEMT15-15 lines as the representative line for each NL, NLP and NLY by referring to the acreage in the U.S. in 2000 and 2001. Six mixing levels of potato-genomic DNA samples containing 0, 0.05, 0.1, 0.5, 1.0, and 5.0% of each SEMT15-15, SEMT15-02, and RBMT15-101 line were also prepared to evaluate our linespecific methods. Because the amount of the three lines of NLY, which was provided by Monsanto, was not enough to prepare the powder samples, the genomic DNA samples were used for the evaluation. For the preparation of both the powder and genomic DNA samples, Dansyaku was used as a non-GM material. Other crops were also well ground by the Ultra-Centrifugal Mill ZM100 or Grindomix GM 100 (Retsch) and used for the test samples.
Extraction and Purification of Genomic DNA Genomic DNAs were extracted from soy and maize using a silica-gel membrane-type kit (DNeasy Plant Maxi; QIAGEN GmbH, Hilden, Germany) according to a previous study. 6) Genomic DNAs were extracted from the other crops including potatoes using a silica-gel membrane-type kit (DNeasy Plant Mini; QIAGEN) according to a previous study.
9) The DNA concentration in the solutions was determined by measuring the UV absorption at 260 nm using an ND-1000 spectrophotometer (NanoDrop Technologies Inc., Rockland, DE). The purity of the extracted DNA was evaluated using the ratio of 260/280 nm and the ratio was between 1.7 and 2.0 for most of the test samples. The extracted DNA was diluted with an appropriate volume of DW to a final concentration of 10 ng/ml, and stored at Ϫ20°C until used. These DNA samples were used for the subsequent PCR analysis.
Oligonucleotide Primers Eight primer pairs, in which the primer pair to detect a potato taxon specific gene was included, were designed for the qualitative detection of the GM potatoes ( Table 1 ). The primer pair UGPase 01-5Ј/UGPase 01-3Ј to detect a gene encoding uridine diphosphate (UDP)-glucose pyrophosphorylase (UGPase) that was reported as a single copy gene of potato, 14) was designed on the first exon by referring to GenBank Accession No. U20345 which generated a 111 bp amplified fragment.
The cryIIIA gene from Bacillus thuringiensis should be introduced into all 8 lines of the GM potatoes conferring resistance to the CPB pest.
15) The primer pair CryIIIA 01-5Ј/CryIIIA 01-3Ј to detect this gene as screening for the GM potatoes was designed by referring to GenBank Accession No. X70979 in order to generate a 117 bp amplified fragment. To specifically detect NL, the NL construct-specific primer pair NL 01-5Ј/NL 01-3Ј was designed in the junction between the enhanced 35S promoter (e-p-35S) and cryIIIA by referring to GenBank Accession No. AF078810 (e-p-35S), and the primer pair generated an amplified fragment of 113 bp. In previous studies, 9) p-FMV02-5Ј/PLRV 01-3Ј had been designed in the junction between e-p-35S and cryIIIA for the construct-specific detection of NLP and generated a 234 bp amplification fragment. Moreover, p-FMV05-5Ј/PVY 02-3Ј had been designed in the junction between the 35S promoter sequence of the figwort mosaic virus (P-FMV) and PVYcp for the construct-specific detection of NLY and generated a 225 bp amplified fragment. 10) NLP and NLY were specifically detected using these two primer pairs, respectively, but the efficiencies of the PCR should be low because the amplified fragments were weakly detected in the potatopowder samples containing 0.1% of both the NLP and NLY. 13) In this study, we aimed to develop more reliable and practical detection methods by re-designing the primer pairs for the construct-specific detection of NLP and NLY. The primer pairs NLP 01-5Ј/NLP 01-3Ј and NLY 01-5Ј/NLY 01-3Ј were designed in the internal sequences of the PCR products generated by the primer pairs, p-FMV02-5Ј/PLRV 01-3Ј and p-FMV05-5Ј/PVY 02-3Ј, to increase the PCR efficiencies while keeping the specificities. These primer pairs generate a 125 bp and 123 bp of amplified fragments, respectively.
To identify three lines of NLY that have been transformed with the same plasmid vector, the NLY line-specific primers (NLY15-01-5Ј/NLY15-01-3Ј; NLY15-15 line specific, NLY02-01-5Ј/NLY02-01-3Ј; NLY15-02 line specific and NLY101-01-5Ј/NLY101-01-3Ј; NLY15-101 line specific) were designed in each of the border sequences between r-DNA and the genomic DNA by referring to the DNA sequence information described in the safety assessment document submitted from the developer. These primer pairs gen-erate 164 bp, 86 bp and 150 bp amplified fragments, respectively. The locations of each targeted sequence are shown in Fig. 1 .
The primers were synthesized and purified on a reversedphase column by FASMAC Co., Ltd., (Atsugi, Japan), then diluted with an appropriate volume of DW to a final concentration of 50 mmol/l, and stored at Ϫ20°C until used. The sequences of the designed oligonucleotides in this study are listed in Table 1 .
PCR Conditions The reaction mixture for PCR was prepared in a PCR reaction tube. The reaction volume of 25 ml contained 25 ng of genomic DNA, 0.2 mmol/l dNTP, 1.5 mmol/l MgCl 2 , 0.5 mmol/l of 5Ј and 3Ј primers and 0.625-units AmpliTaq Gold (Applied Biosystems, Foster City, CA, U.S.A.). The reactions were buffered with PCR buffer II (Applied Biosystems) and amplified in a thermal cycler (GeneAmp PCR System 9700; Applied Biosystems) according to the following PCR step-cycle program: pre-incubation at 95°C for 10 min, denaturation at 95°C for 0.5 min, annealing at 60°C for 0.5 min, and extension at 72°C for 0.5 min. The cycle was repeated 40 times followed by a final extension at 72°C for 7 min.
Agarose Gel Electrophoresis After PCR amplification, agarose gel electrophoresis of the PCR product was carried out according to previous studies. 5, 9) The amplification products (7.5 ml) of each specific PCR were submitted for electrophoresis at a constant voltage (100 V) on a 3% TAKARA L03 agarose gel (TAKARA Co., Ltd., Tokyo, Japan) in the TAE (40 mmol/l Tris-HCl, 40 mmol/l acetic acid, and 1 mmol/l EDTA, pH 8.0) buffer solution. After electrophoresis, the gel was stained in DW containing 0.5 mg/ml ethidium bromide for 30 min and then washed in DW for 30 min. The gel was photographed using a Chemi-lumi Image Analyzer (Chemi-lumi Image Analyzer with "Diana" system as the analytical software, Raytest, Germany).
Inter-Laboratory Studies Inter-laboratory studies, in Table 1. which 6 laboratories participated, were organized by the National Institute of Health and Sciences (NIHS) to verify the detection methods. We prepared 24 separate tubes containing 200 mg test-samples for two Japanese varieties, and the 6 lines of GM potato described above. The homogeneities of the samples were confirmed by the methods using specific primer pairs with the 3 tubes selected randomly for each sample at the NIHS. The blind samples were designed as a pair of blind duplicates including 0 and 100% NL-Bt-6, NL-SPBT02-05, NLP-RBMT21-350, NLY-RBMT15-101, NLY-SEMT15-02, and NLY-SENT15-15. The blank samples, two Japanese conventional varieties, were used to confirm whether the tests were performed correctly without falsepositive results. A total of 16 tubes containing blind samples, a solution of 8 primer pairs (5 mmol/l each), and the experimental protocol were supplied to the 6 labs from the NIHS.
RESULTS AND DISCUSSION
Evaluation of the Validity of Extracted DNA for PCR
To avoid a false-negative result, it is important to confirm the validity of the extracted DNA for PCR. Therefore, the primer pair, UGPase 01-5Ј/UGPase 01-3Ј, was designed as the analytical control to evaluate the validity of the potato DNA for PCR. We performed the PCR with DNAs extracted from 11 kinds of potatoes including the GM and non-GM potatoes to examine the conservation of the UGPase gene among the potato varieties. As shown in Fig. 2A , all of the potato DNAs generated a 111-bp amplified fragment with almost the same intensity, whereas no fragments were amplified from the tomato, egg plant, maize, wheat and soy DNAs. These results suggested that PCR using the primer pair should specifically detect the DNA extracted from potato. The method to identify the potato DNA has been reported by Jaccaud et al. 12) They designed the primer pairs to detect the patatine gene which is encoded by a multigene family. In their method, however, the amplified fragments were generated from the potato, tomato and tobacco using the primer pair for identification of the patatine gene. In contrast, we showed that PCR using the designed primer pair, UGPase 01-5Ј/UGPase 01-3Ј, generated no amplified fragments in the tomato and egg plant which belong to the Solanaceae taxonomic family (Fig. 2A,  lanes 13 and 14) . These results suggest that potato DNA should be more stably detected with high specificity and the validity of the extracted potato DNA for PCR would be assessed by PCR using the UGPase 01-5Ј/UGPase 01-3Ј primer pair.
Specificity of Screening Method for the Detection of GM Potatoes
Screening methods for the detection of the GM crops including soy and maize have already been reported. 5, 16) The DNA sequences of the 35S promoter and the terminator sequence of the nopaline synthase gene from Agrobacterium tumefaciens (NOS terminator), which were commonly and frequently used to regulate the expression of a gene in the various GM crops, were selected to design the primer pairs for the screening detection. The primer pair designed for the sequence of the NOS terminator could be used to detect GM potatoes for the screening purpose because the DNA sequence of the NOS terminator was commonly introduced in the NL, NLP and NLY (Fig. 1) . However, the GM potatoes and the other GM crops, such as GM maize and GM soybean, should be undistinguishable using the primer pair for the NOS terminator because GM maize and GM soybean could generally contain the NOS terminator. On the other hand, a gene encoding cryIIIA should be introduced into all lines of NL, NLP and NLY and it has not been reported that the cryIIIA gene was introduced in the other GM crops. Therefore, the CryIIIA 01-5Ј/CryIIIA 01-3Ј primer pair was designed on the cryIIIA gene for the screening detection of the GM potatoes. An amplified fragment (117 bp) was specifically detected from all 6 lines of GM potato used in this study (Fig. 2B) . In contrast, no amplified product was detected when the DNAs extracted from tomato, egg plant, maize, wheat, soy, and non-GM potatoes were used as the template DNA. Two lines of NLP (RBMT21-129 and RBMT22-82) were not provided from the developer and could not be used for this study, but the same results would be expected, because the same target sequence should be introduced into the two lines according to the information described in the safety assessment document.
Specificity of Construct-Specific Methods for NL, NLP and NLY In NL, the e-p-35Ssequence 17) is used to regulate the expression of the cryIIIA gene, whereas the riblose-1,5-bisphosphate carboxylase small subunit ats1A promoter (PArab-SSU1A) 18 ) is used to control the cryIIIA gene expression in NLP and NLY. Therefore, the construct-specific primer pair, NL 01-5Ј/NL 01-3Ј, was designed in the junction between e-p-35S and cryIIIA to specifically detect NL. As shown in Fig. 3A , two lines of NL, which were transformed with the same plasmid vector PV-STBT02, generated 113 bp amplified fragments by PCR. On the other hand, no fragment was detected in any DNAs including the non-GM and other GM potatoes. These results suggest that the 2 lines of NL should be specifically detected using the NL 01-5Ј/NL 01-3Ј primer pair.
NLP and NLY contain the 35S promoter sequence of the Figwort mosaic virus (P-FMV), 19) and positive results might be obtained in the potatoes infected by the viruses. To avoid the false-positive results that might be caused in such samples, primer pairs were designed in the specific sequence available only at the junction region derived from different organisms. Therefore, the region between the leader sequence of heatshock protein isolated from Glycine max (Hsp 17.9) 20) and the sequence of the PLRVrep was selected to design the NLP construct-specific primer pair, NLP 01-5Ј/NLP 01-3Ј. To design the NLY constructspecific primer pair, NLY 01-5Ј/NLY 01-3Ј, the region between Hsp 17.9 and PVYcp was selected as the target sequence. An amplified fragment (125 bp) was obtained from only NLP using the primer pair, NLP 01-5Ј/ NLP 01-3Ј (Fig.  3B) . Furthermore, an amplified fragment (123 bp) was generated from only 3 lines of NLY during the specificity examination of the primer pair, NLY 01-5Ј/NLY 01-3Ј (Fig. 4A) . For assessment of the screening method, two lines of NLP could not be used for the examination, but the same results would be obtained because the same target sequence should be introduced into the other two lines of NLP.
Specificity of Line-Specific Methods for NLY In Japan, two lines of NLY (NLY-SEMT15-15 and RBMT15-101 line) were approved in April 2003 and the NLY-SEMT15-02 line was approved in July 2003. Therefore, it was necessary to identify the unapproved NLY-SEMT15-02 line until the safety assessment was finished. As shown in Figs. 3A and 4A, the same size PCR-amplified fragment was obtained from the three lines of NLY, which were transformed with the same plasmid vector, using the construct-specific methods. To identify the three lines, the specific region of each NLY should be selected to design the primer pair. Therefore, the border sequences between the r-DNA and potato genomic DNAs were selected as the NLY line-specific region. The NLY line-specific primers, NLY15-01-5Ј/NLY15-01-3Ј, NLY 02-01-5Ј/NLY02-01-3Ј and NLY101-01-5Ј/NLY101-01-3Ј, were specifically designed on the NLY15-15, NLY15-02 and NLY15-101 line, respectively, and PCR using the corresponding primer pairs generated a 164 bp, 86 bp and 150 bp of amplified fragment from the specific lines, respectively (Figs. 4B, C, D) . These results suggested that the border sequence between the integrated r-DNA and plant genomic DNA should be critical for examining the line-specific detection methods. The line-specific methods for GM potatoes have not been reported yet, though the line-specific methods for other GM crops have been reported. 21, 22) When some GM crops, which contain the same r-DNA, might be bred in the near future, these findings will help to develop the detection method with high specificity and reliability.
Sensitivities of the Methods We examined the sensitivities of the screening and construct-specific detection methods with the potato-powder mixing samples containing 0, 0.1 and 1.0% of the NL-Bt-6, NLP-RBBT21-350 and NLY-SEMT15-15 line, respectively. Twenty-five ng of extracted genomic DNAs from the samples were amplified by PCR, and all of the target sequences were clearly detected in the 0.1% and 1.0% powder samples (Fig. 5A) . It has been reported that the amount of unreplicated haploid genome (i.e., the 1C value) of potato is 0.88 pg. 23) On the basis of the 1C value, 28.4 copies of the haploid GM potato genome were calculated to be present in the reaction tube prepared for a 0.1% potatopowder sample, since 25 pg of genomic DNA derived from each GM potato should be contained in the reaction tube. Furthermore, one or more copies of the target sequences are presented in each tetraploid genome of the NL-Bt-6, NLP-RBBT21-350 and NLY-SEMT15-15 line according to the information provided by Monsanto. Therefore, at least, 7.1 copies of the target sequences should be contained in the reaction tube. Theoretically, a copy of the target sequence could be amplified by PCR. In fact, the specific amplified fragments were detected in the 0.05% samples prepared by twice diluting the DNAs extracted from the 0.1% powder samples with non-GM potato DNA (data not shown). The potato-powder samples with a concentration less than 0.1% were not used for the examination since it was difficult to correctly prepare the samples. However, GM-potatoes might be detected in the lower concentrated samples using screening and construct-specific detection methods. We further examined the sensitivity of the NLY line-specific detection methods using potato-DNA samples containing 0, 0.05, 0.1, 0.5, 1.0 and 5.0% DNAs extracted from the three lines of NLY. As shown in Fig. 5B , by using the NLY-SEMT15-15 and RBMT15-101 line-specific methods, the specific amplified fragments were detected in the 0.05% sample. On the other hand, the specific amplified fragment for the NLY-SEMT15-02 was detected in the 0.5% sample. These results suggested that the detection limits of NLY-SEMT15-15, RBMT15-101 should be 0.05%, whereas the detection limit of the NLY-SEMT15-02 line-specific method was 0.5%. The sensitivity of the PCR methods would be affected by various factors including the copy numbers of the target sequence, physical character of the primer pair and PCR conditions. For the line-specific methods, the copy number should not be correlated with the sensitivity because a single target sequence is presented in each line. To increase the sensitivity of the NLY-SEMT15-02 line-specific method, we would have to increase the amount of DNA used for the template, to change the PCR condition suitable for the method, or to redesign the primer pair.
Inter-laboratory Study To confirm the specificity and reproducibility of the methods, we conducted inter-laboratory studies using 100% pure non-GM and GM potato-powder materials as blind samples. The blind samples were prepared as blind duplicates including two Japanese conventional varieties and 6 lines of GM potatoes (NL-Bt-6, NL-SPBT02-05, NLP-RBMT21-350, NLY-RBMT15-101, NLY-SEMT15-15 and NLY-SEMT15-02). All participants received the protocol, primer solutions, and 16 blind-sample tubes containing different potato powders. Six laboratories participated in the studies and analyzed a total of 96 samples. The methodology of the experiment was designed as described below. For the screening of the GM potato, a first PCR was performed to detect the potato taxon specific gene and cryIIIA gene. When the screening result was positive, a second PCR was performed to identify NL. If the sample was NL-negative, a third PCR was performed to identify NLY. A fourth PCR was performed for the NLY positive samples to identify the line of NLY. On the other hand, the NLY negative-samples was identified as NLP by performing an NLP construct-specific PCR. Typical results reported by a participant are shown in Table 2 . The results showed that the test was correctly performed following the designed flow of the experiment, and no false-negative and -positive results were reported. In all results reported from the six laboratories, specific amplified fragments were completely detected in all test samples and no misjudgments were reported from any laboratories (Table 3) . These results suggest that the proposed methods should be specific and reproducible for the detection of each line of GM potatoes. In summary, detection methods using PCR were developed for screening and identifying eight lines of GM potato approved in Japan for human consumption. The highly specific PCR methods reported in this study are simple and useful for identifying GM potatoes. ϩϩ/ϩϩ; both of two positive samples were judged correctly, ϪϪ/ϪϪ; both of two negative samples were judged correctly. For NL, ϩϩϩϩ/ϩϩϩϩ showed that all of four positive samples were judged correctly, because NL samples were included the two lines of NL as blind duplicates, which can not be identified using the construct-specific method.
